Objectives: This study has been conducted to unveil adhesion promoter's underlying microscopic mechanism using confocal microscope. Materials and Methods: Fifty maxillary first premolars (25 fluorosed and 25 nonfluorosed) were selected. The teeth were divided into 4 groups of 10 teeth each based on the adhesion booster applied and two control groups of 5 fluorosed and 5 nonfluorosed teeth without adhesion booster. Two different adhesion boosters, All-Bond 3 (Bisco, Schaumburg, IL, USA) and Enhance LC (Reliance, Itasca, IL, USA), were mixed with Rhodamine B fluorescent dye and applied on the tooth to facilitate the detection of resin tags in the confocal microscope. The teeth were sliced to a cross-section of 800 µm by hard tissue microtome. Each cross section was scanned in confocal microscope till three distinct resin tags were seen, and this image was stored and quantified. The depth of penetration of adhesive resin tag was chosen as a measure of micromechanical bonding. Data obtained were statistically analyzed. Results: The maximum depth of penetration was recorded in fluorosed/All-Bond 3 group of 75.57 µm and a minimum depth of penetration was in fluorosed and conventional primer group of 26.46 µm. Conclusions: This shows that micromechanical bonding is compromised in fluorosed teeth. Both the adhesion boosters, All-Bond 3 and Enhance LC, enhanced the depth of resin penetration in fluorosed as well as nonfluorosed teeth while conventional primer did not prove to be very useful. Thus, adhesion boosters have been beneficial to increase the micromechanical bonding in cases where bonding is compromised, thus providing a good solution to effective orthodontic bonding. 24-12-2016 This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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IntRoductIon
The prevalence of dental fluorosis has increased dramatically in various developed countries of the world in recent years. Fluorosis in permanent teeth has increased from 10% to as high as 70% possibly due to the use of fluoride supplementation in toothpaste and artificial fluoridation of community water supplies. [1] The fluorosed enamel presents a notable clinical challenge to the orthodontist to bond compromised enamel surface of fluorosed tooth. [2, 3] Enamel fluorosis is the hypomineralization of the enamel caused by continuous ingestion of excessive fluoride, >1-2 ppm, during enamel formation. [4] Fluorosed enamel is characterized by an outer hypermineralized, acid-resistant layer due to which a reliable etched enamel surface cannot be produced. [5] Fluorosis manifests itself as defects in the subsurface enamel, ranging in color from white to brown and occurring as pits and irregular white opaque lines, striations, or cloudy areas, which further exacerbate the problem of bonding to the enamel. [6] Several authors have concluded that the difficulty in bonding is likely attributable to the inability of fluorosed enamel to be effectively etched with 37% phosphoric acid. [7, 8] Therefore,
Effects of two adhesion boosters on depth of penetration of orthodontic adhesive on fluorosed and normal enamel:
A confocal microscopic study clinicians have frequently relied on micromechanical etching of fluorosed teeth to attain a roughened surface. However, several drawbacks of microabrasion are present which include damage to enamel, the need to use a rubber dam, patient ingestion of the powder particles, the potential for the powder aerosol to cause facial trauma, increased chair time and costs, and potential allergy to the aluminum oxide or silicon carbide powder. [2] Therefore, an alternative method, the adhesion booster, added to bonding agent, was introduced for bonding of compromised surfaces.
Adhesion booster is a chemical product applied after etching of enamel surface to increase the adhesion at enamel/adhesive interface. It significantly increases adhesion of resins to fluorosed, hypocalcified, or primary enamel. The composition includes hydroxyethyl methacrylate (HEMA), tetrahydrofuryl cyclohexane dimethacrylate, and ethanol. The HEMA molecule contains two functional groups, one hydrophobic, and the other hydrophilic. [9, 10] Hydrophilic monomers in these adhesion boosters help the resin to infiltrate enamel etched at the level of the prisms. This characteristic should reduce interfacial porosity and therefore increase adhesion, achieving greater bonding through polymerization. [11] All-Bond 3 (Bisco, Schaumburg, IL, USA) and Enhance LC (Reliance, Itasca, IL, USA) are the most commonly used adhesion promoters in orthodontics. Several authors have conducted studies determining the effect of adhesion promoters on the strength of bracket bonded to fluorosed enamel surface, and it has been concluded that there is a significant increase in the bond strength with adhesion promoters. [12] [13] [14] [15] [16] This bond strength is acquired by micromechanical retention promoted by resin infiltration in partially demineralized dentin, leading to the formation of the hybrid layer and tags. [17] Although many studies have compared bond strength of adhesion boosters, this is the first confocal microscopic study in literature to understand the actual mechanism by which adhesion boosters increase the bond strength in fluorosed teeth.
To study the depth of resin penetration, many studies have used optical microscope, [18, 19] scanning electron microscope, [20] [21] [22] [23] and photomicrography. [24] However, these microscopic evaluations involve the preparation of sample which can destroy the surface details. To overcome this drawback, confocal microscope was used which produces nondestructive examination of the layer up to 100 µm below the surface. [25] [26] [27] This microscope can make high resolution, thin, optical sections of biological tissues. The improved resolution and removal of out-of-focus blur allow much more information from fluorescence microscopy techniques, with three-dimensional (3D) reconstruction of the images.
Hence, the present study was undertaken to evaluate and compare the effects of two commonly used adhesion promoters, All-Bond 3 (Bisco, Schaumburg, IL, USA) and Enhance LC (Reliance, Itasca, IL, USA) on the depth of resin penetration in fluorosed enamel using a confocal microscope.
MateRIals and Methods
Fifty permanent maxillary first premolar (25 fluorosed and 25 nonfluorosed) teeth were collected for the study. The teeth were freshly extracted for orthodontic reasons with no caries or visible defects [ Figures 1 and 2 ]. The sample was divided into six groups according to the booster applied: Group A: 10 fluorosed teeth with Enhance LC (FE1-FE10), Group B: 10 fluorosed teeth with All-Bond 3 (FA1-FA10), Group C: Nonflourosed teeth with All-Bond 3 (NFA1-NFA10), Group D: Nonflourosed teeth with Enhance LC (NFE1-NFE10), and control group of 5 nonflourosed and 5 flourosed teeth bonded with primer (Ortho Solo) denoted as NFP1-5, FP1-5, respectively.
The fluorosed teeth were selected according to the modified Thylstrup and Fejerskov index, which is based on the clinical changes in fluorosed teeth. [28] The teeth were stored no longer than 3 months in 0.1% thymol solution to prevent dehydration and bacterial growth. The buccal surfaces of each tooth were cleaned with a rubber cup and pumice slurry to remove plaque and extrinsic stains. Etching of the labial tooth surface was done for 15 s with 37% phosphoric acid gel and the tooth was air-dried till a white frosty appearance was seen.
For Group A, B, C, and D, a thin layer (4-5 strokes with a brush) of All-Bond 3/Enhance LC primer A and B mixture mixed with Rhodamine B dye (Nirmal Chemicals, New Delhi, India) at a concentration of 0.1 mmol/L was applied as a thin film to the etched and slightly moistened enamel and lightly dried with an air syringe until a glossy appearance became visible. A thin layer of light bond sealant was then applied directly on the tooth surface and light-cured for 10 s.
For the control group, a thin layer (4-5 strokes with a brush) of primer mixed with Rhodamine B dye was applied as a thin film to the etched and slightly moistened enamel and lightly dried with an air syringe until a glossy appearance became visible. It was light-cured for 10 s.
The brackets were modified to press the adhesive firmly on the tooth surface. Bonding was done using Transbond XT adhesive paste to the bracket base and pressed firmly onto the tooth. The adhesive was cured for 40 s using a light-curing unit. The debonded teeth were then partially embedded in acrylic cylinders [ Figure 3 ] and sectioned labiolingually parallel to the long axis of crown using a hard tissue microtome (SP 1600; Leica Biosystems Nussloch GmbH, Nussloch, Germany). The microtome was set so that each section was 800 µm thick. The sectioning was done to reduce the amount of time spent in optical sectioning of the tooth with the confocal microscope. The sliced sections were stored dry in amber-colored bottles until microscopic evaluation.
Laser scanning confocal microscope (TSP-2, Leica) was used for the study. The excitation wavelength range for Rhodamine B was between 535 and 560 nm. The sliced sections were viewed using 63 times oil immersion lens, and optical sectioning was performed uniformly to acquire images [ Figure 4 ]. In optical sectioning, each image was taken at a depth of 2 µm from the previous one, till an image was obtained which had distinct three resin tags and maximum depth of resin penetration [ Figure 5 ]. Scanning was stopped, and this image was stored and quantified. The image displayed a layer of adhesive, enamel-adhesive interface, and resin tags.
The images obtained were processed using confocal software (2004, Leica) to capture a snapshot of the image to render the series of images into a 3D animation. Three distinct tags with deepest continuous penetration from enamel surface in to tooth were taken in to account and measured. These measurements were carried out for each tooth specimen and was then tabulated [ Figure 6 ].
Statistical analysis
One-way analysis of variance (ANOVA) and post hoc analysis were done to compare mean tag length for all experimental and control groups. Significance for all statistical tests was predetermined at P < 0.05. All statistics were performed using the Statistical Package for Social Sciences software version 11.0 (SPSS Inc., Chicago, Illinois, USA). Table 1 shows that the maximum depth of penetration was recorded in fluorosed/All-Bond 3 group of 75.57 µm, whereas the minimum depth of penetration was in fluorosed and conventional primer group of 26.46 µm.
Results
One-way ANOVA test indicated a significant difference between groups [P < 0.01; Table 2 ]. On comparing the mean differences in the values of depth of penetration between the groups [ Table 3 ], we noted that the difference in the mean value of all groups was statistically significant compared with each other. There was a significant increase in the depth of resin penetration in the fluorosed group with both the adhesion boosters. Among the adhesion boosters, All-Bond 3 was found to be more effective than Enhance LC in the fluorosed and normal teeth. However, comparison between nonfluorosed/Enhance LC and fluorosed/Enhance LC had no significant difference showing that Enhance LC was not very effective in nonfluorosed teeth.
dIscussIon
The present study was undertaken to study and compare the effects of two adhesion boosters on the length of resin tags in fluorosed and nonfluorosed teeth. A sample size of fifty extracted maxillary first premolar (25 fluorosed and 25 nonfluorosed) was selected for the study based on score 4 of Thylstrup and Fejerskov index [28] as this index was considered to be more sensitive than Dean's Fluorosis index. [29] The nonfluorosed teeth were selected on the basis of the absence of caries, enamel cracks, fluorosis, or abrasion. Bonding was performed on the buccal surface done in the middle of the clinical crown, to eliminate variation due to difference in surface and prism morphology between various regions that could cause variable etch patterns and tag lengths. [19] In the present study, the resin tags were observed using confocal microscope. The importance of resin tag was first pointed out by Buonocore [30] in 1955 when he introduced the technique of acid etching and suggested that acid treatment of the enamel would render the enamel more receptive to adhesion. The tags probably represent the resin, which has penetrated into enamel microspaces created by the acid conditioning representing the micromechanical bonding of the resin. Hence, the formation of resin tags is considered critical to the bond strength of the bracket.
Earlier common methods to visualize resin tags in dentin were transmission electron microscopy (TEM) and scanning electron microscopy (SEM). It has been seen that TEM requires a tedious embedding procedure and SEM shows only the surface details brought into relief by an etching process. To overcome these drawbacks, confocal microscope was used in this study. The advantages of confocal microscopy included nondestructive examination, which aids in visualizing layer since the layer visualized can be up to 100 µm below the surface without dehydrating or slicing the above layers. Tag length observed in the present study for normal teeth with conventional primer was 48.25 µm. This is comparable to other studies done by Arakawa et al. (50 µm), [19] Asmussen et al. (48 µm), [31] Sundfeld et al. (53 µm), [21] Retief (43 µm), [32] and Ramesh Kumar et al.(53 µm) . [33] However, much lesser values have been reported by Buonocore (10 µm), [30] Voss and Charbeneau (5-10 µm), [34] and Pahlavan et al. (7 µm) [35] which is due to the fact that these studies were conducted in the 1960s and 1970s when higher resolution microscopes were not so readily available.
The present study compared the tag length of normal and fluorosed teeth using a conventional primer, and it was found that the tag length of fluorosed teeth was statistically significantly less than normal teeth by 12.7 µm. The decreased penetration in fluorosis could be attributed to the hypermineralized outer layer of enamel which interferes with the formation of microporosities and resin tags. Thus, the flow of adhesive resin is restricted, explaining the reduced tag length and micromechanical bonding which further compromises the bond strength. This finding is supported by a study conducted by Opinya and Pameijer [7] who also reported that fluorotic teeth demonstrated significantly lower tensile bond strength than did normal teeth. To study the improvement of bond strength, the effect of adhesion promoter on nonfluorosed teeth was investigated, and it was found that both the adhesion promoters increase the tag length in nonfluorosed teeth. It was found that adhesion boosters significantly increased the tag length in fluorosed teeth by 49.04 µm in FA (Fluorosed teeth with All-Bond 3) group and by 33.85 µm in FE (Fluorosed teeth with Enhance LC) group. The reason for this enhancement of tag length is the presence of HEMA particles in the promoter which helps in the deeper infiltration of the resin in the enamel surface, thus improving the bonding. This finding is supported by Adanir et al. [12] who evaluated the effect of enamel fluorosis on the shear bond strength of orthodontic brackets and whether adhesion promoter, Enhance LC, increases the bond strength of brackets to fluorosed enamel.
All-Bond 3 was found to be more effective than Enhance LC when used in a fluorosed teeth and nonfluorosed teeth. It was found that All-Bond 3 increases the tag length to a greater depth than Enhance LC. This finding shows that All-Bond 3 improves the micromechanical bonding in a much effective manner. We have not found any in vivo or in vitro study in literature using confocal microscope with adhesion boosters. The results regarding the bond strength of two adhesion boosters are fairly disparate. The reason could be the difference in force distribution among specimens caused by difference in mounting and surface curvature of experimental teeth. 
conclusIons
Following conclusions were drawn from the study:
• The adhesion boosters, All-Bond 3 and Enhance LC, significantly increased the tag length in fluorosed teeth and thus can be used to attain better bonding of bracket to tooth surface, thereby reducing the bond failures • The adhesion promoters were also effective in nonfluorosed teeth as there was a significant increase of tag length when compared with control group • All-Bond 3 was found to be more effective in improving the bonding as compared to Enhance LC as it created a significantly longer resin tags.
Adhesion booster provides an effective solution to orthodontic bonding. The present investigation was an in vitro study; thus, the finding of the present study needs to be corroborated by an in vivo study in the future.
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